Background: Chronic kidney disease (CKD) is a clinically impaired kidney degradation syndrome, which commonly is diagnosed based on glomerulus filtration rate (GFR). Renal parenchymal resistive index and the renal cortex echogenicity are ultrasound parameters that have been reported correlate with GFR values. This study aims to determine the sensitivity, specificity, positive predictive value, and negative predictive value between renal intra-parenchymal resistive index and renal cortical echogenicitybased on GFR in CKD patients. Materials and Methods: This study is a cross sectional design. A renal ultrasound examination was performed to forty one CKD patients to assess the resistive index of the renal intra-parenchymal artery and the echogenicityof the renal cortex. The creatinine serum levels were obtained from the patients, as the gold standard of CKD diagnosis. Statistical data processing uses diagnostic test and Inter class Correlation Coefficients (ICC). Results: The sensitivity, specificity, positive predictive value, and negative predictive value of renal intraparenchymal resistive indexes were 23%, 79%, 33%, and 69% respectively. Sensitivity, specificity, positive predictive value, and negative predictive value between renal cortex echogenicity were 23%, 96%, 75%, and 73% respectively. The ICC analysisreported a Single Rater value of 0.1538 and Average of Raters 0.3528. Conclusion: Renal intra-parenchymal resistive artery was more specific than renal cortex echogenicity for diagnosing patients with chronic kidney disease.
Background
Chronic kidney disease (CKD), also known as endstage renal disease, is a syndrome characterized by progressive and irreversible kidney loss, and the incidence of chronic kidney disease nowadays is increasing rapidly. The incidence of chronic kidney disease significantly increases annually. The increasing number of patients with chronic kidney disease also leads to an increase in the number of patients undergoing hemodialysis. Based on a survey conducted by Association of Nephrology Indonesia in 2009-2012, it was reported that there was an increase in the percentage of new CKD patients by 50% in Indonesia. 1 The prevalence of chronic kidney disease increases along with the increasing number of elderly population and the incidence of diabetes mellitus and hypertension. About 1 of 10 global populations experiences chronic kidney disease at a particular stage. The global prevalence of chronic kidney disease of 13.4% and was reported as the 27th leading cause of death in the world in 1990 and increased to 18th in 2010. 1, 2 In Indonesia, renal disease treatment is the second largest financing ranking of national health insurance, it is ranked after heart disease. According to the data obtained from PT Askes (one of Indonesian health insurance), there were approximately 14.3 million people with late stage renal failure currently undergoing treatment with a prevalence of 433 per population. This number is expected to increase to over 200 million by 2025. 1, 2 Clinically, the basic diagnosis for chronic kidney disease is to assess the glomerulus filtration rate. Glomerular filtration rates and renal tubules have a strong contribution in maintaining renal function known as glomerulus tubular balance and negative glomerulus tubular feedback. Glomerulus and renal tubules play a vital role in maintaining fluid balance.Any condition that causes an increase in fluid and Na in the macula densa (distal tubule) will eventually trigger a feedback mechanism that will cause a decrease in the filtration rate of the nephron. 3 The classification of chronic kidney disease based on glomerulus filtration rate (GFR) was reported on table 1. In the field of nephrology, diagnostic techniques would include various aspects such as clinical history, physical examination, laboratory tests, scintigraphy, diagnostic imaging techniques and renal biopsy. In the case of nephropathy, ultrasonography is a first-line imaging technique, which; through careful sonographic scanning, it can be a helpfulinstrument to distinguish acute and chronic renal failure. 4 In addition, ultrasound can also be used to follow up the treatment of the disease, to guide the biopsyneedle and others. Ultrasound techniques can visualize renal pelvic conditions, assess renal dimensions and parenchymal echogenicity, visualize Doppler color-power signals and measure parenchymal resistive index. Taken together, this data can provide useful clues to the diagnosis and help to reduce the possible differential diagnoses. 5 A positive correlation between the echogenicity of the renal cortex and interstitial changes was reported in 25 patients, but it was found no association between these changes and glomerular lesions. 5 However, Hricak et al. in 1982, found a positive correlation between echogenicity increase of the renal cortex and glomerular changes. 7 Meanwhile, according to a study conducted by Siddappa et al in 2013, it was evident that the echogenicity of the renal cortex was one of the parameter that had significant correlation with serum creatinine levels compared to other sonographic parameters such as renal axis length, parenchymal thickness, and cortical thickness. 7 Echogenicity grading of the renal cortex is shown in Table 2 . Examination of renal intra-parenchymal artery resistive index happened to have a correlation with estimated renal glomerular filtration rate in hypertensive disease. In another study, it was also mentioned that renal Doppler ultrasound examination had an important role in the prognosis in patients with chronic kidney disease. In chronic kidney disease, vascular compliance might occur and increased peripheral resistance, which led to a decrease in blood flow to the kidney and glomerular filtration rate. Doppler ultrasound examination, especially resistive index could provide useful information related to the above disorder. 9 The normal resistivescore of the renal index is about 0.60 to 0.65 which is maintained constantly as long as the structure of the parenchyma and renal function remains normal. In neonate patients, the resistive index appears to be higher and gradually decreases by increasing of age and will be persists at 8-10 years of age. This score is similar to the resistive index of normal adult. However, in the elderly (> 50 years) the resistive index appears elevated, associated with changes in vascular structures. Therefore, normal resistive index score ranges from 0.6 to 0.7. 9 Figure 1 . Resistive index is normal in healthy female patients, 25 years of age. Color Doppler sonogram is used to identify interlobar artery (arrow). 9
Based on the description above, resistive index examination and echogenicity of renal cortex are ultrasound parameters, which could be related to glomerulus filtration rate. However, to the best of our knowledge, there has been no publication that focused on which parameter that contributes the most on the depletion of glomerulus filtration rate in patients with chronic kidney disease. Considering that, the authors would like to examine sensitivity, specificity, positive predictive value, and negative predictive value of renal intra-parenchymal artery resistive index andechogenicity of the renal cortex based on renal glomerular filtration rate as gold standard diagnosis in patients with chronic kidney disease. CKD patients who agreed to take part the study and had signed a written informed consent agreement with GFR ≤90 mL/min/1.73 m2 were underwent renal ultrasound. The ultrasound was performed using the curve probe with B-mode ultrasound and Doppler ultrasound to obtain a resistive index of the renal intra-parenchymal artery in the upper, mid and lower poles. The sample volume was set as small as possible (1 mm) into the inter-lobar artery with a narrow angle. The final result of the resistive index value was the average of the three measurements mentioned above. However, if it was not possible to obtain a renal intra-parenchymal artery in all three poles, then only one intraparenchymal artery could be visualized. There was also an examination of the echogenicity of the renal cortex by using B-mode ultrasound. One person counted as one sample, where ultrasound examination was performed on both kidneys in each sample. Resistive index scores and the degree of parenchymal echogenicitywere taken from one of the kidneys that had the highest scores. Processing Techniques and Data Analysis. Data were expressed in 2 x 2tables, and then diagnostic values of resistive index of renal intraparenchymal artery and the echogenicity of the renal cortex were calculated. Furthermore, Kappa conformity testing was performed between the renal intra-parenchymal resistive index and renal cortical echogenicity index to GFR.
Research Methods

Results
The prevalence of female CKD patients (63.4%) was higher than that of the male CKD patients (36.6%) and the most prevalent agewas 41-60 years (56.1%). There were 13 patients categorized as normal to severe kidney function depletion, with GFR score ≥ 15 ml/min, and there were 28 patients suffered from very severe kidney function depletion, with the GFR score<15ml/min. Based on the echogenicity of the renal cortex obtained by B-mode ultrasound examination, 4 patients were considered as normal with homogeneity grade 1 and there were 37 patients withhomogeneity grade 2-4. Meanwhile, based on the resistive index (RI) of renal intra-parenchymal artery obtained by Doppler ultrasound examination, there were 9 patients with normal RI scores, 0.60 to 0.70 and there were 32 patients had RI scores more than 0.70. The analysis indicated that the sensitivity, specificity, positive predictive value, and negative predictive value of renal cortex echogenicity were 23%, 96%, 75%, and 73% respectively and the sensitivity, specificity, positive predictive value, and negative predictive value of renal intraparenchymal resistive index were 23%, 79%, 33%, and 69% respectively. The results of kappa testindicated that the kappa coefficient of the echogenicity of the renal cortex to GFR was 0.239 (p=0.05) whereas the coefficient of kappa of resistive index of renal intra-parenchymal artery to GFR was 0.018 (p = 0.91).The ICC indicated poor agreement among the variables.
Discussion
Based on the echogenicity of the renal cortex, it was indicated that CKD patients with echogenicity grade 2-4were higher in number compared to those whose normal echogenicity. This result was in accordance with previous study which reported a linear correlation between sonographic grading in renal parenchyma with GFR scores. The stud reported that CKD patients with grade 2-4 cortical echogenicity were four times as much as patients with the grade 1echogenicity. 10 Other literature reported a positive correlation between the increase of renal cortex echogenicity and glomerular changes. The increase of echogenicity of the renal cortex could be due to changes in perfusion, cell infiltration and deposition of connective tissue, calcium, and fat. 5 In addition, there was further nephron damage in CKD patients that led to tubule-interstitial fibrosis. 7 This study reported that CKD patients with a resistive index more than 0.70 were higher in number compared to CKD patients with normal resistive index. Previous stud also reported that 77% patients with high score of GFR would have high resistive index (>0.70). 10 This can be understood as CKD patients might suffer from nephron damage and tubule-interstitial fibrosis, which associated with renal intra-parenchymal fibrosis. Those situations might lead to resistive index increase. 9 The finding indicated that echogenicity of the renal cortex had a more significant diagnostic value in CKD patients based on GFR than the renal intra-parenchymal resistive index. It wasalso reportedpreviously that the echogenicity of the renal cortex had a good correlation with the severity of interstitial changes in biopsy. 11 Focal interstitial changes tend to cause minimal increase in the echogenicity of the cortex and diffuse cicatrix tissue leading to wider changes in the echogenicity of the renal cortex. It was also reported that renal echogenicity has a strong correlation to histologic parameters, such as glomerular sclerosis, tubular atrophy, interstitial fibrosis, and interstitial inflammation. Renal cortical echogenicity had statistically significant positive correlation with the severity of global sclerosis, focal tubular atrophy, and the number of hyaline cylinders in the glomerulus and focal leukocyte infiltration. 11 On the other hand, however, it was reported previously that there was similarities of resistive index in patients with normal and moderately thickened intima layers. However, the resistive index was reported tend to increase in patients with severe arteriosclerosis. There was no correlation between resistive index and glomerulosclerosis as well. 10 This study concluded that the resistive index was less sensitive to histologic changes of renal parenchyma when compared to renal cortex echogenicity.
A study conducted by Yaprak et al 12 reported that the renal cortex echogenicity had the strongest sonography parameter correlation against e-GFR than the length of the kidney and the thickness of cortex. In addition, in renal biopsy studies, it was shown that the renal cortex echogenicity was also associated with glomerulosclerosis, tubular atrophy, and interstitial fibrosis leading to irreversible kidney function disorder.Moreover, based on a study by Tublin et al 9 it was known that the resistive index relied on volume (compliance) and blood vessel resistance, and became less dependent on blood vessel resistance when compliance was reduced, and became increasingly independent when volume was equal to zero. The study also reported that the resistive index alone, without considering other factors, could not be used to determine the differential diagnosis of intrinsic renal disease due to the complex histologic effects on compliance and blood vessel resistance. 9 Thus, in the absence of other abnormalities affecting resistance renal intra-parenchymal blood vessels, resistive index might give false negative results. Considering that, the authors suggested that the echogenicity of the renal cortex was more representative of the histologic changes of the renal parenchyma in CKD patients. These factors also led to a poor agreement among the three research variables.
Conclusions And Suggestions
The study indicated that renal intra-parenchymal resistive artery was more specific than renal cortex echogenicity for diagnosing patients with chronic kidney disease. This may be due to the echogenicity of the renal cortex being more likely to visualize the histologic condition of the kidneys than the resistive index,which depends not only on renal intra-parenchymal vascular conditions. The absence of other abnormalities affecting intraparenchymal renal resistance resistive index may give false negative results. For further study, the authors suggest that resistive index examination could be performed by using linear probes to obtain accurate data of arcuate artery or renal inter-lobar artery. To eliminate the effect of subjectivity in the assessment of the echogenicity of renal parenchyma, further study could be done with more than one assessor. In addition, a longer duration of researchwas needed for obtaining accurate resistive index examination.
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